It is shown that differences, due to charge-dependent effects, in the 17 N and 17 Ne ground-state wave functions account for the fact that the experimentally measured branch for the β + decay of 17 Ne to the first excited state of 17 F is roughly a factor of two larger than expected on the basis of nuclear matrix elements which reproduce the corresponding β − branch in the decay of 17 N.
By measuring positrons in coincidence with 495-keV γ rays de-exciting the 1/2 + firstexcited state of 17 F, Borge et al. [1] have obtained a branch of 1.65(16)% for the firstforbidden β + decay of 17 Ne to the 1/2 + state. This is a very interesting result because the measured branch is roughly a factor of two larger than expected on the basis of nuclear matrix elements which reproduce the corresponding β − branch of 3.0(5)% [2, 3] in the decay of 17 N. Recently, Ozawa et al. [4] have confirmed the magnitude of the β branch in 17 Ne decay, obtaining a value of 1.44(16)% by a method which utilizes a 32 MeV/A radioactive beam of 17 Ne.
The β-decay rate is given by f t = 6170 sec. For the 1/2 − → 1/2 + transitions of interest, f = f (0) + f (1) where the superscript refers to the spherical tensor rank of the β-decay operator. In general, f (0) is much larger than f (1) and, to a very good approximation,
where ξ = ±αZ/2R for β ∓ decay, with Z the charge of the daughter nucleus and R = 3.499 fm for A = 17, and
with C being the isospin Clebsch-Gordan coefficient and λ = 1.26. Energies are expressed in units of the electron rest mass and, with I 0 the integrated phase-space factor for allowed decays divided by the square of the Compton wave length for the electron, the nuclear matrix elements are in fm. The matrix element w ′ is closely related to w and takes a value ∼ 0.7w [5] . These expessions are based on a systematic expansion of the electron radial wave functions developed by Behrens and Bühring [6] , the arcane notation for the nuclear matrix elements in first-forbidden decays being historical (see [5] for details and definitions of the rank-1 matrix elements).
Aside from the use of first-forbidden β decay as a spectrocopic tool, there has been great interest in rank-0 decays for two reasons. The first dates back to the suggestion [7] that the matrix element ξ ′ v of the time-like piece of the axial current γ 5 should be strongly enhanced by meson-exchange currents, largely one-pion-exchange. This enhancement is now well established at ∼ 60% for light nuclei [8] and even larger for heavy nuclei [9] . It is often taken into account, as is done below, by multiplying ξ ′ v by a factor ε mec . The second reason relates to the similarity of the operators for parity-mixing and rank-0 first-forbidden β-decay [10] . As a result of these fundamental interests, a large literature exists on many aspects of first-forbidden β decay and parity-mixing in light nuclei. The present treatment of the 17 N and 17 Ne decays, first studied theoretically by Towner and Hardy [11] , is based on a systematic study [12] For the 1hω basis used in [12] , the 1/2 − initial-state wave functions have a particularly simple form in a weak-coupling representation, namely that of a 0p-shell hole coupled to
In fact, the three components listed account for 99.7% of the wave function. For the dominant component, only the 1s − wave function, is important because the single-particle matrix element is large (larger than s → p by a factor of √ 5 for harmonic oscillator wave functions) and interferes destructively with the dominant 1s 1/2 → 0p 1/2 amplitude. This is a common feature of all the transitions studied in [12] . The radial single-particle matrix elements are computed with Woods-Saxon wave functions obtained by adjusting the well depth to match the separation energy from the initial or final state to the appropriate physical core states of the A-1 system [12] . For the 1s 1/2 → 0p 1/2 contribution, the only important parent states are the lowest 0 − and 1 − states of 16 N or 16 F. The separation energies are given in Table I along with the decay energies and the phase-space integrals I 0 . Since the separation energies are close to the Hartree-Fock energies, the Woods-Saxon wave functions should be a good approximation to one-nucleon overlap functions [13] .
For the rank-0 contribution to the β-decay rates, the calculation gives
where the first two lines correspond to using identical nuclear structure, the small differences in matrix elements being due to the use of Woods-Saxon wave functions bound at the physical separation energies (note the energy-dependent factors in Eq. (1) for the second term). The resulting f values are compared with experiment in Table II for two values of the enhancement due to meson-exchange currents (see Table IV of [8] for theoretical estimates of ε mec ). Including the calculated f (1) values, it can be seen that the predicted value for the β branch in 17 Ne is less than ∼ 0.9% for values of ε mec which produce agreement with the 17 N data (0.77% to reproduce the central value).
For the case denoted by Ne ′ in Eq. (7) and the last line of Table II , the 17 Ne ground-state wave function has been modified to take into account charge-dependent effects which differ for 1s and 0d orbits. Now, with a 45 − 50% enhancement from meson-exchange currents, the calculated beta-decay rates are in agreement, within the error bars, for both nuclei.
That there should be substantial T z -dependent effects is evident from the 376 keV difference in Coulomb energies for the 0d 5/2 and 1s 1/2 orbits at A = 17. For A = 18, the large shift in the excitation energy of the the third 0 + state in 18 Ne (Table III) [18, 17] and to a lesser extent because of the removal of the influence of the 4p2h configuration.
To put the structure of 17 N and 17 Ne in a broader context, it should be noted that the four particle-hole matrix elements mentioned above can be deduced directly from the binding energies of the lowest four states of 16 N (the charge-dependent shifts of the 0d 5/2 and 1s 1/2 orbits, including a dependence on separation energy, can be seen across these T = 1 multiplets). Within the framework of the same weak-coupling assumption used to deduce the particle-hole matrix elements, the total binding energies and multiplet spacings of the low-lying states of the heavy carbon and nitrogen isotopes which contain one or more sdshell neutrons can be rather nicely accounted for (of course, small components in the wave functions are important for detailed spectroscopic applications such as first-forbidden β decay). In consistent shell-model calculations which include charge-dependent interactions, the response to changes in T z on the one hand and to changes in the number of particles or holes on the other strongly restricts the d 5/2 /s 1/2 content of the low-lying states. An interesting case in the context of the present study is 16 C which has a rank-0 β decay branch of 0.68% [19] (Table IV) , amplified somewhat by cancellation between
contributions. Shell-model calculations with the basis of Ref.
[12] overpredict f (2) by a little more than a factor of two for either harmonic oscillator or Woods-Saxon wave functions. This is quite consistent with a similar overestimate for the unique first-forbidden decay of 16 N for a correspondingly small shell-model basis. This problem is resolved in calculations using a very large shell-model basis with all configurations up to 4hω [8, 21] . The rank-0 matrix elements are also reduced in such calculations [8] but by a lesser amount due to a cancellation between contributions from 2p2h admixtures induced by central and tensor forces. The experimental β-decay rates can then be reproduced using values for ε mec close to the theoretical value of about 1.6 [8] .
In conclusion, the use of realistic (e.g., Woods-Saxon) radial wave functions is essential for evaluating first-forbidden β-decay matrix elements [8, 12] 
